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Optimization of incubation time and plate load capacity for
molds enumeration

ZHANG Shuo’, HAN Sha-Sha

(Jinan Center for Food and Drug Control, Jinan 250102, China)

ABSTRACT: Objective To study on the improvement of incubation time and plate load capacity for molds
enumeration. Methods Mold quality control samples were tested according to GB 4789.15—2016 National food
safety standard-Food microbiological examination-Enumeration of moulds and yeasts, with additional colony
counting performed on the second day of incubation. The plate size was increased from 90 mm to 150 mm, and
statistical analysis was employed to assess the differences between colony counts and the reference value of the
quality control samples. Results Significant discrepancies were observed between the fifth-day counting result at the
critical dilution (1:10) and the reference value. A sharp decline in colony counts was noted when the colony-forming
units exceeded 30 CFU per 90 mm plate, which was defined in this study as the maximum load capacity of mold plates
under acceptable accuracy. By adopting 150 mm plates with a 2-day incubation period, the original load capacity was

overcome, yielding counting results that aligned well with the reference value. Under these optimized conditions, the
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linear coefficient of determination (R®) between sample means and dilution factors improved from RPy=0.614 to

R*15=0.998. Conclusion The optimized testing conditions effectively addressed the issues of colony overgrowth and

poor linearity in mold plate count experiments, thereby enhancing the accuracy of test results.

KEY WORDS: mold enumeration; accuracy; incubation time; plate load capacity
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FAEFRE KR 1:2, 1:3, 1:4, 1:10, 1:25 B, f—
HoHi L AR 38 I R RO AR IE LS R A, B Lk
DU TAAIEER . B TS %4 270 CFU/mL, R
JR AP AR R b A TG R A R VR BN AE 11 CFU &
135 CFU Z i), £5& E#RT 10~150 CFU BY-& BTG
AR R R B, A R A3 IR 1 mL AL STIR
F 90 mm FTHEFMAN, FHHas X, & 20 mL BE1E
46 °CHw INhr 2L BE AR M- L, 4% 2 1 LA HIR 5 44
5o NBFIERE XI5, PR EE R R TR, T
28 °Ckl °CHiFFFAIE S, S4h R m s S MRIE

BRI R AR SRS 0 R 2= 2 d s 5 d
ML, S AR R R VE, BB T R . 7E5R
TR Be g, BRFEBER AR 104, 1:8, 119, 1:10. 1:25,
SEARFAE AR 150 mm, FEFRET I E R 2 d AN bR E S
% —Br B

R T R R X ECHE EAT A BT, AR SR S 5
B G RAR SRR 1 P Lo &%t Seikep
SR B TR BN ORI 1 R, AR 5T AR S5 i
T T USRI 25 3 B 22 PN 465 1 <] B2 32 A T I 8 T
MR B RE J17 00 e 2 A R0 #0485 RS B
FE R 22 WERR B BRSSPl T 85 7T TR V5 T A 1) e R A
TSR TR I ) R TR O K T2 B, W T s s
5N SEEZ BRI F B EER

1.4 HIEALIE

ARSI SPSS 26 HHAFH TG4 Hr . HIE,
SIS TS K EAR RN 95%.

2 FER5HH

ERIEFATE LA IE SIS

AR BAFSE H I TRIEE SR 2 d /I T
Pk, Rt — B ST PR AR THG B 45 SR A R
SRR RN 8 A TR, & 4R AR T 32 56 2] -3
Bt (v)-Fa R B O AT A, BRAEAS 1-2 d-1:1. 155
d-1:1. 1-5 d-1:2 A IRTVR & 1 S HBO0E TN, AR
GERNZE 2 PR, i 2 EHE AT A S REA BRI R 2%
WA A B 3 R I /L, TR R BE 2 d ISP A9 SE B35

2.1

®1 ARBRHFITENSH

Table 1 Statistical measures and parameters involved in the study
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Table 2 Enumeration results of incubation time validation experiment

SEHS RS (S B S -THBS T [R] -H B ) ¥IE/CFU  Z#%{H/CFU  SEBRIME/CFU  SEBR¥{EIR25/CFU  HiK E R /mm
1-2d-1:2 47.75+3.85 135.00 95.50 174.50 11.4+1.8
1-2d-1:3 36.38+4.53 90.00 109.13 160.88 11.542.3
1-2 d-1:4 34.75+4.65 68.00 139.00 131.00 12.6+1.7
1-2 d-1:10 24.63+3.38 27.00 246.25 23.75 12.0£1.9
1-2d-1:25 10.75+2.19 11.00 268.75 1.25 12.542.3
1-5d-1:3 28.75+4.83 90.00 86.25 183.75 DG
1-5d-1:4 28.38+4.98 68.00 113.50 156.50 ECSUE 3k
1-5 d-1:10 20.13+1.55 27.00 201.25 68.75 25.543.0
1-5 d-1:25 10.38+2.07 11.00 259.38 10.63 28.0+2.8
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Table 3 Single-sample t-test analysis of incubation time validation study

PAREA ¢ AT FZAH 95% B 5 X ] AE S PRI (B B2 ¥ - IR B2

SR i t HEE W T2 A TR F IR it HmE B
1-2d-1:2 —64.178 7 0.00 -174.50 -180.92 -168.07 0.84 8 0.08
1-2d-1:3 —33.456 7 0.00 -160.88 -172.25 —149.50 0.91 8 0.36
1-2d-1:4 -19.911 7 0.00 -131.00 —146.56 -115.44 0.95 8 0.74
1-2 d-1:10 -1.989 7 0.09 -23.75 -51.99 4.49 0.86 8 0.13
1-2 d-1:25 —.065 7 0.95 -1.25 -46.97 44 .47 0.96 8 0.83
1-5d-1:3 —35.846 7 0.00 —183.75 -195.87 -171.62 0.87 8 0.14
1-5d-1:4 —22.204 7 0.00 -156.50 -173.17 —139.83 0.90 8 0.26
1-5d-1:10 -12.524 7 0.00 -68.75 -81.73 -55.77 0.95 8 0.73
1-5d-1:25 -.582 7 0.58 -10.63 -53.80 32.55 0.94 8 0.62
HEEAS 1-5 d-1:3,1-5 d-1:4 AU PAREA t G645 5 (P<0.05) 200 - - P2 d SPRIIES d =it HEEm
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Fig.1 Decay in colony-forming units
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ARG AR AR BEAEAS 1 SE PRI R 22 BT sl s, 40 1:4
FAR 1 134.00 B85 6.80.



312

B dn 2 4 R R I A 4R

%16 &

AW B 0 IR TR I TR B 270 A SAAEAS t
I % 5 R . 8 SPSS 26 Xt SCB B #EA T 4 b
J& KIEREABIR P IIATFESEE, SRR
3K F 5 2 7K - (Shapiro-Wilk #55, P>0.05), %544
WM IES 0T HIAEA 2-90-1:4 AYBAREA t K 0045 5Kl
HIFE“90 mm AR AR 1:47 [ S206 254 N A E T AR

S 34 ANETE, SHIE EMSHEE 68 M, W
HSZBrEW S 270 ZIAFFAE 3% 2 7(P<0.05), 525
TR 1:8 W R SEIRME S 270 O J0 8 % 2 5 (P=0.09),
HAAAREE R 30 ANHTE, XS5 @mBEESHSE 34
FIZEHE T N, HI(E R B R RARER AT P RE(E P AL
0.05 I N,

R4 BEFRAHENDIEITRLERCFU)
Table 4 Enumeration results of mold plate carrying capacity experiment (CFU)
SEH G5 (SRR AR LA TR BifE el SEBRIE SR H R
2-90-1:4 34.00+3.27 68.00 136.00 134.00
2-90-1:8 30.10+6.06 34.00 240.80 29.20
2-90-1:9 30.90+5.30 30.00 278.10 8.10
2-90-1:10 26.30+3.23 27.00 259.00 7.00
2-90-1:25 10.30+1.16 11.00 257.50 12.50
2-150-1:4 65.80+6.34 68.00 263.20 6.80
2-150-1:8 35.00+2.40 34.00 271.20 10.00
2-150-1:9 29.60+7.38 30.00 266.40 3.60
2-150-1:10 28.00+3.23 27.00 280.00 10.00
2-150-1:25 10.90+1.45 11.00 272.50 2.50
£5 BEFRUKHENTROLHA (0]
Table 5 Single sample t-test of mold plate carrying capacity experiment
FAREAS t RS P1H 95% B {5 XA 1E 2546 5 (Shapiro-Wilk)
SHG G t A W SEHE 2 TR ERR giit A M
2-90-1:4 -32.436 9 0.00 —134.00 -143.35  -124.65 0.93 10 0.45
2-90-1:8 -1.904 9 0.09 -29.20 -63.90 5.50 0.90 10 0.19
2-90-1:9 0.537 9 0.60 8.10 -26.03 42.23 0.95 10 0.61
2-90-1:10 —0.685 9 0.51 -7.00 -30.13 16.13 0.97 10 0.88
2-90-1:25 -1.364 9 0.21 -12.50 -33.24 8.24 0.88 10 0.12
2-150-1:4 —0.848 9 0.42 —6.80 —24.94 11.34 0.95 10 0.72
2-150-1:8 1.644 9 0.13 10.00 -3.76 23.76 0.98 10 0.94
2-150-1:9 -0.171 9 0.87 -3.60 =51.12 43.92 0.85 10 0.06
2-150-1:10 0.978 9 0.35 10.00 -13.12 33.12 0.96 10 0.83
2-150-1:25 0.218 9 0.83 2.50 -23.42 28.42 0.86 10 0.08
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Fig.2 Comparative analysis of 2 day testing data
(90 mm mold plates)
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Fig.3 Comparative analysis of 2 day testing data
(150 mm mold plates)
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JRAHA 30 CFU/MLARZRAE I 1Y 14 TR RERE, HAE 3 mvE 5k
FN 66 CFU/INL, JFA HRERE 9 0% .
X5 22 BT A SC R HR R T R R B 4 SRR AN R

DUXS R 4 FR A A P (RS AR SRR B DX 1 EA e P R 234,

B 6 Fim. 150 mm PARMIE SR HEF 2R
PEXL R (R=0.998, P<0.001), HI#T 90 mm (LA B ¥
(R=0.614, P=0.117) TR KT, E 4, &S thEWH
JRILT X —XF He g R, kISR 6 FdE T LIS R AL E
S8 25 F 150 mm BUAR T4, 2 d K55 () R4 7285 T a4
FERA IR LM TR N Y=1.413+260.278X, X Jyif I i #s
BEREFURRBERTED; Y A5 R a3 .

#6 90 mm 5 150 mm BEFRLERM LML
Table 6 Linear comparison of results between 90 mm and
150 mm mold plates

CEGEES ZHAGTE
FHMESE R F BEE WE RM
90 mm 0.614 4771 0117 14089  96.735

150 mm ZkME 0.998  1984.424 0.000 1.413  260.278

35.00}
30.00}
25.00}
Sy
20.00}
15.00¢ Y=1.413+260.278X
=0.998
10.00 ' - ' ' -
0 0050 0100 0150 0200 0250

S

Fl 4 90 mm 75 PR LR M
Fig.4 Linear graph of 90 mm mold plates

70.00}- .
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50.00F

WfH
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20.001 Y=1.413+260.278X
r=0.998

10.00 L L L . .
0 0.050 0.100 0.150 0.200 0.250

TN 1

Pl 5 150 mm % AP AL
Fig.5 Linear graph of 150 mm mold plates

3 HFit5ifie

AR5 28 35 W B B S 00 BSOS A A A5 11 DL R 4548
TER VAR T B0 R 25 TR s e S, 565 2 d A
JEECER 5 d Ve EE e, X R R ITE G AR B (1:10)
(52 bR 8908 5 S bR 2 %l 2 8] 22 5 B 35k A8 fk |
(P2q=0.09, P54<0.05). 90 mm HLAE - MAF7E AT $E 2 HEME T
T TS TR AR AR BE /1 (30 CFU/IL), 458 fn S & B A
B b i R RO R MR i B, W RS AR RE R
B b S B R ST AR P R B TR R . (A 150 mm BUAK T
Ma, 2 d KEFRE R A SL56 A5 0F T AT 8 0k 15 R 2 R
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R VR BORAEE 3 BRAR Y B HES A5 A, S PRE e i T
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